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ELEVATED!133@ERATURES

By Ivo M. Kurg

SU4MARY

Tensilestress-straintestresultsarepresentedfor17-7PH stainless-
steelsheetintheConditionTH l,@O andfor AM350stainless-steelsheet
inthedouble-agedconditionfortemperaturesfromrocmtemperatureto
1,300°F. Stress-straincurvesanddataforyieldandultimatestresses,
Young’smodulus,andelongationaregivenintabularad graphicalform.
A comparisonismadebetween
propertiesofNACATechnical

thetensilepropertiesandthecompressive
Note4074.

INTRODUCTION

Twoprecipitation-hardeningstainlesssteels,17-7PHandAM 350,
showpromiseas aircraftstructuralmaterialsforelevated-temperature
use. Inadditiontohighstrengthandsatisfactoryductilityin theheat-
treatedcondition,thesematerialsarecorrosionresistantandcanbe
easilyworkedintheannealedcondition.Conventionalshort-timeelevated-
temperaturedatafromvsrioussourcesforthesestainlesssteelsandother
selectedalloysaregiveninreference1.

Inthepresentinvestigation,short-timeelevated-temperaturetensile
datawereobtainedfor17-7PH andAM 350stainless-steelsheetfromthe
sanessmpleniaterialforwhichtheccqressivepropertiesweredetermined
inreference2. The17-7PHwasin theConditionTH l,@jOandtheAM 350
wasdoubleaged. Thetensilestress-strain“curvesandthetensileprop-
ertiesaregivenhereinfortemperaturesup to1,3000F. A comparison
withthecompressivepropertiesis included.
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MATERIALSANDSPECIMENS

The17-7PHstainless-steelsheetmaterialwasfurnishedby theArmco
SteelCorporation.Thespecimenswerecutinthewith-graindirection
fromthreeannealedO.~-inch-thicksheetsmeasuring48by 96 inches.
Afterbeingmachined,thespecimenswereheat-treatedto Condition
TH 1,0~ (l$hoursat1,400°F,aircooledtobelow60°F within1$hours,

)1~hoursat 1,0~0°F,andaircooled.2

TheAM350stainless-steelsheetwasfurnishedby theAllegheny
LudlumSteelCorporation.Thespecimenswerecutinthewith-grain
directionfromonesingle0.063-inch-thickannealedsheetmeasuring22by
45 inches.Afterbeingmachinedthesespecimenswerehardenedby double

(
11hoursat1,350°F, aircooled,l~hoursat8500F, andairaging p

)cooled.

Thespecimendimensionsforkdh materialsaregiveninfigure1.
Thenominalchemicalcompositionandtheminimumroom-temperatureprop-
ertiesmaybe foundintablesI and11 ofthisreport.

TESTPROCEDURE

Conventionaltensilestress-straintestswereperformedatroomand
elevatedtemperatures.Theequipmentandprocedure.wereessentiallythe
saneasdescribedinreference.3. Thespecimenswereexposedtothetest
temperaturefor1/2hourandthenloadedtofailureata strainrateof
0.002perminute.A stress-straincuyveanda strain-timecurveforeach
testwererecordedsimultaneouslyon anautographicrecorder.Thestrain-
timecurvewasusedto controlthestrainrateduringthetest. Thetem-
peraturevariationsduringtheexposureperiodwerewithin+10°F and
duringthetestwithin+50F of thedesiredtesttemperature.Several
testsatroomtemperaturewereconductedwithTuckermanopticalstrain
gagestodetermineYounglsmodulusmoreaccm-ately.

RESULTSANDDISCUSSION

Theresultsofthetensilestress-straintestsof17-7PHandAM 350
stainlesssteelsaregivenintablesIIIandIVandareillustratedIn
figures2 to 6.
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. Thestress-straincurvesforrocmandelevatedtemperaturesare
shownh figure2 for17-7PHandin figure3 forAM 350. The0.2-percent-

$ offsetyieldstressis indicatedby a tickmarkon eachcurve.Theshapes
of thestress-straincurvesforthetwomaterialsareratherdiff=ent.
Thestress-straincurvesof 17-7 PHceasetobe linearatrelativelylow
stresseswhereasthoseofAM 350areUnesrovera considerableportion
ofthecurvebelowyield,at leastup to 800°F.

Theyariationoftheyieldandultimatetensilestresseswithtem-
perature’’$or17-7PHisshowninfigure4. Theyieldandultimatestres-
sesfor17-7PHdecreaseslowlywithtemperatureto about70@ F after
whicha rapiddecreaseoccurs.Theyieldstressiswithin10percent
oftheultimatestressovertheentiretemperaturerangeexceptat l,20@ F.
Theultimatestressis sllghtlyhigherandtheyieldstressisappreciably
higheratroomtemperaturethantheminizmnvaluesgiveninreference4
(t%bleII). At elevated-eraturesj theultimatetensilestressis
aboutthessmeasthosegivenby theproducer(refs.1 and4)up to shout
700°F; theyieldstress,however,isappreciablyhigherthanthatreported
inreferences1 andk.

Thevariationof theyieldandultimatestresseswithtemperature
. forAM 350isshowninfigure~. Theultimatestressismaintainedup

toabout800°F afterwhicha rapiddecreaseoccurs.Theyield stiess

-/
decreasesslowlyup toabout900°F afterwhichitdropsrapidly.The
yieldstressisappreciablylessthantheultimatestressovermostof
thetemperaturerange.I!oththeyieldandultimatestressesareconsid-
erablygreateratroomtemperaturethanthecorrespondingminimumvalues
givenbytheproducer(table11). At elevatedtemperatures,theyield
andulthnatestresses,althoughslightlyhigher,followcloselytheresults
givenby theprcducer(refs.1 and~).

Theultimatestressesfor17-7PHandAM350are aboutthessmeat
roomtemperature(seefigs.4 and5)butAM 350hasconsiderablygreater
strengthabovekOOOF. Theyieldstressfor17-7PH,however,isconsid-
erablygreaterthanthatforAM 350up to about8000F. Above8000F,
boththeyieldandultimatestressesforAM 350aresuperiorto those
for17-7PH.

ThevariationofYoung’smoduluswithtemperatureisshowninfigure.6
for17-7PH~d AM 350stainlesssteel.AStheda~ correlatesatisfac-
torilywitha singlecurve,thevariationofthemoduluswithtemperatures
obtainedinthesetestsisthesameforbothmaterials.Thepresentdata
arealsoingoodagreementwiththeproducer~sresultsforAM 350(ref.5)
andalsowiththecompressivedataofreference2. Withintheexisting
scatterofthedata,thevsriationofYounglsmoduluswithtemperature
appearstobe aboutthessmeintensionandcompressionforbothmaterials.
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A comparisonofthetensileandcompressiveyieldstressesfromrocm
.

temperaturetol,2CK1°F for17-7 PHandAM 350ismadeinfigures7 and 8,
respectively.Thecompressivedataweretakenfromreference2. The w
compressiveyieldstressfor17-7 PH (fig.7) isshout8 percentgreater
thanthetensileyieldstressovertheentiretemperaturerange.For
AM 350(fig.8), thecompressiveyieldstressisabout6 percenthigher
thanthetensileyieldstress.It shouldbenotedthatthecompressive
datausedareonlyforspecimenscutfromthe
samegraindirectionasthetensilespecimens

CONCLUDINGRIMARKS

samesheetsandinthe
ofthepresentreport.

Tensilestress-straintestsof 17-7 PH(ConditionTH1,~0) and
AM 350(doubleaged)stainless-steelsheetindicatethatthesematerials
retaina largepartoftheirroom-temperaturestrengthup to about700°F
smd8000F,respectively.At rocmtemperature,theultimatestressfor
thesematerialsisaboutthessme,buttheyieldstressforAM 350is
appreciablylessthanthatfor17-7 PH. Above8000F,however,AM 350
hasgreaterstrengththan17-7PH. ..-

Thecompressiveyieldstressesfor17-7 PHandAM350are slightly
greaterthanthecorrespondingtensileyieldstressesovertheentire v
temperaturerange.ThevariationofYoung’smoduluswithtemperatureis

—

thesameforbothmaterialsforbothtensionandcompression.
.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,May27,1957.
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TABiWI

CHEMICALCOMPOSITIONOF17-7PHANDAM 350STAINLESSSTEELS

[Allvaluesinpercent]

.

‘d

Element 17-7 PH m 350
(a) (b)

Chromium. . . . 16.00 to 18.00 16.0 to 17.0
Nickel. . . . . 6.50 tO 7.75 4.0 to ~.o
Aluminum. . . . 0.75 to 1.50
Molybdenum. . . 2.50 to 3.25
Carbon. . . . . 0.09 mximum o.08to 0.12
Manganese. . . 1.00maximum 0.50 to1.25
Nitrogen. . . . 0.07 to 0.13
Silicon. . . . 1.00 maximum 0.50maximum
Phosphorus. . . 0.04 maximum 0.04 maxhrlum
sulfur. . . . . 0.03 maximum 0.03 maximum’

.

‘4

17-7 PH, AM 350,
ConditionTH 1,050doubleaged

(a) (b)

Yieldstress,ksi . . . . . . . . . 150 125
Ulttitestress,ksi. . . . . . . . 180 160
Elongationin2 inches,percent. . 6 12

aReference4.
bobtainedfromAlleghenyLudlumSteelCorporation.
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TAHLE111

TENSILESTRESS-STRAINTESTRESULTSFORO.@-~CH-THICK17-7PH

STAINLESS-ST!EELSKEETHEAT-TREW!EDTO CONDITIONTH 1,050

AFTERl/2-EOIEl~ lIXKEIIEIEFOR

A STRAINRA!LEOF 0.002PERMINUTE

Yield
Tempe&uxe,

Ulthnate YoUngtO Elongation
stress, stress, modulus, in2 inches,
ksi ksi ~si percent

aRocxntemperature 169 186 30.0x 106 b5.5
Roomtemperature 168 185 32.2
%oom temperature ;%

7.5
187 30.0 8.5
176 29.6 8.5y;

162 172 28.9 b6.0
400 159 ~67 28.0 b2a0

154 163 27=7 4.0
?: 148 159 26.0 4.0
600 146 161 29.1 4.0
7g 140 144 25.6

=8 U23 26.9 b;;;
Wo 88.9 93.0 23.4

1,000 59*3 60.5 21.2 b;?
1,100 33.8 ;~j 17.1 b32
1,200 18.0 11.0 b2g
1,200 19.7 2516 11.8 35

%ckerman opticalstraingages.
bBrokeoutsidegagelength.
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TABLEIV

TENSILESTRESS-SPRAINTESTRESULTSFOR

DOUBLE-AGEDAM 350STAINLESS-STEEL

o.063-INCH-THICK

sKmlCmm

l/2-HOURTEMPERATUREEXFOSUREIURA

STRAINRATEOF0.00.2PERMINUTE

Temperature,
‘F

Roantemperature
Roomtemperature
‘Roomtemperature

:$
500
545
610
700
700
780
800
w

1,000
1,000
1,000‘
1,100
1,200
1,303

Yield
stress,
ksi

154
172
-----
137
IZ8
126
131
129
1.22
122
13.7
119
lo7
86.1

-----
81.8
56.6
31.3
20.4

ULtbnate
stress,
ksi

182
182
-----
170
169
168
171
171.5
173
176
171.6
168
146
115
115
-----
65.9
39.7
27.6

-%ckermanopticalstratigages.

Young’s
modulus,
psi

31.5 x 106
30.9
30.9
29.8
28.2
27.9
26.7
27.8
23.4
26.5
26.0
25.5
25.4
22.6
21.6
20.1
17.7
13.3
10.3 “

Elongation
in2 inches,
percent

10.5
14.5 ~
----
10
8
7

?

R
8
9*5

b3.5
3
2
1.5
3

19
18.5

—

%oke outsidegagelength.
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